(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 081 771 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

07.03.2001 Bulletin 2001/10 

(21) Application number: 00307565.2 

(22) Date of filing: 01.09.2000 



(51) IntClJ: H01L 33/00, H01L 25/075, 
F21K7/00 



(84) Designated Contracting States: 


(72) Inventor: Lowery, Christopher H. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Fremont, CA 94539 (US) 


MC NL PT SE 




Designated Extension States: 


(74) Representative: Jehan, Robert et al 


AL LT LV MK RO SI 


Williams, Powell & Associates, 




4 St Paul's Churchyard 


(30) Priority: 03.09.1999 US 390006 


London EC4M 8AY (GB) 


(71) Applicant: Hewlett-Packard Company 




Palo Alto, California 94304-1112 (US) 





CM 
< 

1^ 
00 



(54) Light emitting device 

(57) An LED package and a method of fabricating 
the LED package utilize a prefabricated fluorescent 
member (52, 64) that contains a fluorescent material 
that can be separately tested for optical properties be- 
fore assembly to ensure the proper performance of the 
LED package with respect to the color of the output light. 
The LED package includes one or more LED (22-28) 
dies that operate as the light source of the package. 
Preferably, the fluorescent material included in the pre- 
fabricated fluorescent member (52, 64) and the LED 
(22-28) dies of the LED package are selectively chosen, 
so that output light generated by the LED package du- 
plicates natural white light. In a first embodiment of the 
invention, the prefabricated fluorescent member (52) is 
a substantially planar plate having a disk-like shape. In 
a second embodiment, the prefabricated fluorescent 
member (64) is a non-planar disk that conforms to and 
is attached to the inner surface of a concave lens (62). 
In this embodiment, the optical properties of the fluores- 
cent member (64) are tested by examining an integrated 
unit formed by the concave lens (62) and the attached 
florescent member (64). In both embodiments, the LED 
package includes a layer (50) of encapsulant material 
that is deposited between the LED dies and the fluores- 
cent member. In a preferred embodiment, the encapsu- 
lant material is an optical grade silicone gel, which has 
a high thermal stability and a desired refractive index for 
an efficient light extraction. 
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Description 

[0001] The invention relates generally to a light emit- 
ting device, for example a lightbulb package that utilizes 
a phosphor light emitting diode as the light source. 5 
[0002] Common lightbulb packages utilize a light 
source that includes an incandescent filament within a 
glass enclosure. However, these glass enclosures are 
fragile and, as such, can easily break even when sub- 
jected to only a moderate impact. In addition, the incan- 
descent filaments themselves are fragile and tend to 
gradually degrade during use, such that the useful light 
output generated by the filaments decreases over time. 
The increasing fragility of the filament with age eventu- 
ally leads to breakage. Typical incandescent lightbulbs 
have a mean life of 500 to 4,000 hours, which means 
that half of a population of lightbulbs will fail in that time 
because of filament breakage. 
[0003] With reference to Fig. 1 , a conventional halo- 
gen lightbulb package 10 of MR-16 outline type is 
shown. The halogen lightbulb package includes a halo- 
gen bulb 12 positioned in the center of a reflector 14, 
which functions to direct the light produced by the halo- 
gen bulb in a generally uniform direction. The package 
further includes a pair of output terminals 16 and 18 to 
receive electrical power. The front open face of the pack- 
age may be protected with a dust cover (not shown). A 
disadvantage of the package of Fig. 1 is the use of the 
halogen bulb as the light source. As previously de- 
scribed, the fragility of the glass enclosure and the in- 
candescent filament limits the operating life of the halo- 
gen bulb. 

[0004] Confronted with the above disadvantage, the 
use of light emitting diodes as a potential light source in 
a lightbulb package has been examined. Light emitting 
diodes (LEDs) are well-known solid state devices that 
can generate light having a peak wavelength in a spe- 
cific region of the light spectrum. Traditionally, the most 
efficient LEDs emit light having a peak wavelength in 
the red region of the light spectrum, i.e., red light. How- 
ever, a type of LED based on Gallium Nitride (GaN) has 
recently been developed that can efficiently emit light 
having a peak wavelength in the blue region of the spec- 
trum, i.e., blue light. This new type of LED can provide 
significantly brighter output light than traditional LEDs. 
[0005] In addition, since blue light has a shorter peak 
wavelength than red light, the blue light generated by 
the GaN-based LEDs can be more readily converted to 
produce light having a longer peak wavelength. It is well 
known in the art that light having a first peak wavelength 
(the n primary light") can be converted into light having a 
longer peak wavelength (the "secondary light") using a 
process known as fluorescence. The fluorescent proc- 
ess involves absorbing the primary light by a photolumi- 
nescent phosphor material, which excites the atoms of 
the phosphor material, and emitting the secondary light. 
An LED that utilizes the fluorescent process is defined 
herein as a "phosphor LED." The peak wavelength of 



the secondary light will depend on the phosphor mate- 
rial. The combined light of unconverted primary light and 
the secondary light produces the output light of the 
phosphor LED. Thus, the particular color of the output 
light will depend on the spectral distributions of the pri- 
mary and second lights. Consequently, a lightbulb pack- 
age can be configured to generate white output light by 
selecting an appropriate phosphor material for the GaN- 
based LED. 

[0006] U.S. Pat. No. 5,813,753 to Vriens et al. de- 
scribes a light emitting device having an LED as the light 
source that utilizes phosphor grains dispersed in an 
epoxy layer to transform the color of the light emitted by 
the LED into a desired color. The phosphor grains are 
described as a single type of phosphor material or a mix- 
ture of different phosphor materials, depending on the 
desired color of the output light, A concern with the use 
of an epoxy layer that includes phosphor grains as de- 
scribed in Vriens et al. is the difficulty in dispensing the 
phosphor grains in a repeatable and uniform manner. 
Such difficulty leads to a population of finished devices 
having variable performances, i.e., the color of the out- 
put light may vary from one finished device to another. 
[0007] The present invention seeks to provide an im- 
proved light emitting device. 

[0008] According to an aspect of the present inven- 
tion, there is provided a method of fabricating a light 
emitting device as specified in claim 1 . 
[0009] According to another aspect of the present in- 
vention there is provided a light emitting device as spec- 
ified in claim 7. 

[0010] The preferred embodiment can provide a light- 
bulb package having a phosphor LED as the light source 
that can generate output light of a prescribed color and 
a method of fabricating such a lightbulb package. 
[0011] In an embodiment, an LED package and a 
method of fabricating the LED package utilize a prefab- 
ricated fluorescent member that contains a fluorescent 
material that can be separately tested for optical prop- 
erties before assembly to ensure the proper perform- 
ance of the LED package with respect to the color of the 
output light. The LED package includes one or more 
LED dies that operate as the light source of the package. 
Preferably, the fluorescent material included in the pre- 
fabricated fluorescent member and the LED dies of the 
LED package are selectively chosen, so that output light 
generated by the LED package duplicates natural white 
light. 

[0012] In a first embodiment of the invention, the LED 
package includes four 3 volt gallium nitride-based LED 
dies that are individually mounted on separate reflector 
cups, which are attached to a leadframe. In this embod- 
iment, the LED package is configured to be interchange- 
able with an industry standard MR-16 halogen outline 
package. However, the LED package may be config- 
ured to resemble other industry standard packages, 
such as MRC-11, MRC-16, PAR-36, PAR-38, PAR-56 
and PAR-64. In fact, the LED package may be config- 
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ured in a completely different lightbulb outline package. 
[0013] Also attached to the leadframe are output ter- 
minals that provide electrical power to the LED dies. The 
LED dies are electrically connected to the terminals in 
a specific configuration. In one exemplary configuration, 
the LED dies are connected in series, so that the overall 
forward voltage of the package is 12 volts. In an alter- 
native exemplary configuration, the LED dies are con- 
nected in series and parallel to create a 6 volt device. 
The exact electrical configuration of the LED dies, as 
well as the voltage of the LED dies, are not critical. Fur- 
thermore, the number of LED dies included in the LED 
package is not critical. 

[0014] Preferably, deposited over the LED dies is an 
encapsulant material. The encapsulant material may be 
epoxy or other suitable transparent material. Preferably, 
the encapsulant material is an optical grade silicone gel, 
since silicone gel can withstand exposure to high tem- 
peratures without degradation. In addition, silicone gel 
having a refractive index of 1 .5 is currently available, 
which results in an efficient extraction of light generated 
by the LED dies. 

[0015] The prefabricated fluorescent member of the 
LED package is affixed over the encapsulant material. 
In this embodiment, the prefabricated fluorescent mem- 
ber is a substantially planar disk that is optically trans- 
parent. However, the fluorescent member may be con- 
figured in another shape, such as a square or a rectan- 
gle, depending on the specification of the LED package. 
As previously noted, the fluorescent material contained 
in the prefabricated fluorescent member can be chosen 
to produce white light. As an example, the fluorescent 
material may include gadolinium doped, cerium activat- 
ed yttrium aluminum garnet phosphor grains. 
[0016] The LED package may also include a lens that 
is attached to the prefabricated fluorescent member and 
a reflector that is positioned over the lens. The lens and 
the reflector ensure that most of the light energy gener- 
ated by the LED package is output generally along a 
common direction. 

[0017] In a second embodiment of the invention, the 
lens of the LED package is a concave lens and the pre- 
fabricated fluorescent member is formed in the inner 
surface of the concave lens. As such, the prefabricated 
fluorescent member conforms to the contour of the inner 
surface of the concave lens. In this embodiment, the op- 
tical properties of the fluorescent member can be tested 
by examining the lens and the attached fluorescent 
member as a single component. 
[0018] The preferred method of fabricating the LED 
package includes forming a number of transparent flu- 
orescent members. 

[0019] In a first embodiment, the fluorescent mem- 
bers may be substantially planar plates, such as disks. 
These plates may be formed by cutting sheets of sili- 
cone rubber into the desired shapes. In a second em- 
bodiment, the fluorescent members may be non-planar 
disks that conform to the inner surface of a concave 



lens. These non-planar disks may be formed by allowing 
an optically transparent material, such as silicone, poly- 
carbonate or acrylic, to be molded onto the inner surface 
of a concave lens. Next, the fluorescent members are 

5 tested for optical properties. As an example, the fluores- 
cent members may be tested using a monochromatic 
standard source to activate the phosphor and then 
measuring the characteristics of the output from the flu- 
orescent members, The tested fluorescent members 

10 can then be categorized for a set of optical properties. 
[0020] Preferably, after the fluorescent members are 
tested, one or more GaN-based LED dies are mounted 
onto a leadframe. Next, a transparent encapsulant ma- 
terial is deposited over the mounted LED dies. Prefera- 

15 bly, the encapsulant material is an optical grade silicone 
gel, which has a high thermal stability and has a desired 
refractive index for an efficient light extraction. A fluo- 
rescent member having a predefine set of optical prop- 
erties is then placed over the encapsulant material. 

20 Next, a lens is attached to the fluorescent member. This 
step is not applicable for the second embodiment. A re- 
flector is then mounted over the lens. After the reflector 
has been mounted, a dust cover may be attached to the 
rim of the reflector to complete the LED package. 

25 [0021] According to another aspect of the present in- 
vention there is provided a light source package com- 
prising: a light source that generates primary light hav- 
ing a first spectral distribution; a layer of transparent ma- 
terial over the light source that encapsulates the light 

30 source; and a prefabricated wavelength converter at- 
tached to the layer of transparent material, the prefab- 
ricated wavelength converter being optically coupled to 
the light source to receive the primary light, the prefab- 
ricated wavelength converter containing a fluorescent 

35 material that emits secondary light in response to ab- 
sorption of said primary light to produce a composite 
output light. 

[0022] The prefabricated wavelength converter may 
be shaped as a substantially planar rate. There may be 

^o provided a concave lens that is integrated with the pre- 
fabricated wavelength converter, the prefabricated 
wavelength converter having a non-planar disk shape 
that conforms to an inner surface of the concave lens. 
The transparent material of the layer that encapsulates 

45 the light source is preferably an optical grade silicone 
gel. 

[0023] Components of the package, preferably define 
a light source package that is compatible to an industry 
standard package selected from a group consisting of 
so MRC-11, MR-16, MRC-16, PAR-36, PAR-38, PAR-56 
and PAR-64. 

[0024] An advantage of the preferred embodiments of 
the invention is that the fluorescent member can be test- 
ed prior to assembly which ensures that the finished de- 
55 vice will have specific optical properties, thereby reduc- 
ing production costs that are associated to fabrication 
of unwanted devices, i.e., devices that do not meet the 
desired specifications. 
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[0025] An embodiment of the present invention is de- 
scribed below, by way of example only, with reference 
to the accompanying drawings, in which: 
[0026] Fig. 1 is a perspective view of a conventional 
halogen lightbulb package of MR-1 6 outline type. 5 
[0027] Fig. 2 is a cross-sectional diagram of an LED 
package in accordance with a first embodiment of the 
present invention. 

[0028] Fig. 3 is a top view of a leadframe of the LED 
package of Fig. 2 in which mounted LED dies are elec- 
trically connected in a 12 volt configuration. 
[0029] Fig. 4 is a top view of the leadframe of the LED 
package of Fig. in which mounted LED dies are electri- 
cally connected in a 6 volt configuration. 
[0030] Fig. 5 is a cross-sectional diagram of an LED 
package in accordance with a second embodiment of 
the invention. 

[0031] Fig. 6 is a flow diagram of a preferred method 
of fabricating an LED package. 
[0032] With reference to Fig. 2, an exemplary LED 
package 20 in accordance with a first embodiment is 
shown. Fig. 2 is a schematic cross-sectional view of the 
LED package. The LED package is structurally config- 
ured to resemble a conventional MR-1 6 halogen pack- 
age, such that the LED package is interchangeable with 
the MR-1 6 package. However, the LED package utilizes 
four LED dies (only dies 22 and 24 are exposed in the 
view of Fig. 2) as the light source for the package, in- 
stead of a halogen light bulb, as is the case in the con- 
ventional MR-1 6 package. The LED package has an op- 
erating life of 10,000 hours or more, as compared to a 
halogen package which has a mean operating life of 500 
to 4,000 hours. Furthermore, unlike halogen packages 
which fail by filament breakage, the LED package de- 
grades by a gradual reduction in light output. Typically, 
at the end of the operating life of 1 0,000 hours, the LED 
package would still generate 50% of the original light 
output. 

[0033] The LED package 20 includes a leadframe 30 
that is attached to the bottom of a cylindrical casing 32. 
As an example, the leadframe may be composed of 
steel or copper. Also attached to the casing is a specular 
reflector 34 that directs the light generated by the LED 
package. Referring now to Figs. 2 and 3, four LED dies 
22, 24, 26 and 28 of the package are affixed to the lead- 
frame via reflector cups 36, 38, 40 and 42, respectively. 
Preferably, the LED dies are gallium nitride-based LEDs 
(indium doped, gallium nitride on sapphire) that emit 
blue light when activated by an applied electrical signal. 
The configuration of the LED dies and the reflector cups 
on the leadframe is best illustrated in Fig. 3, which is a 
top view of the leadframe. The LED dies are mounted 
into the cavities of the reflector cups, as most clearly 
shown in Fig. 2. Preferably, the reflector cups are made 
of a material having a coefficient of thermal expansion 
(CTE) that matches the LED dies. As an example, the 
reflector cups may be made of silver plated molybde- 
num. The reflector cups are swaged into the leadframe, 
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thereby affixing the LED dies to the leadframe. In an al- 
ternative embodiment, a molybdenum disk (not shown) 
is attached underneath each LED die, for example, by 
solder. The molybdenum disk with the attached LED die 
is then mounted on the leadframe. This method also 
achieves the desired CTE matching. The LED dies are 
electrically connected to an anode terminal 44 and a 
cathode terminal 46 that are also attached to the lead- 
frame. 

[0034] The LED dies 22, 24, 26 and 28 selected to be 
included in the LED package 20 can be of the type that 
enables activation at a low forward voltage of less than 
3 volts each, at their maximum rated drive current, such 
that the four LED dies wired in series result in an overall 
forward voltage of a nominal 12 volts. The series con- 
nection is illustrated in Fig. 3. This would make the pack- 
age conform to 12 volt incandescent packages. Howev- 
er, if a different series voltage is required, other arrange- 
ments of LED dies could be implemented. For example, 
three 4 volt LED dies could be selected and wired in se- 
ries to achieve the same overall forward voltage of 12 
volts. The exact type and number of LED dies included 
in the package and the configuration by which the LED 
dies are connected can vary, depending on the desired 
device to be fabricated. As an example, four 3 volt LED 
dies can be wired in series/parallel, as shown in Fig. 4, 
to achieve a 6 volt device. The LED dies may be elec- 
trically connected by wirebonds, as illustrated in Figs. 2, 
3 and 4. As shown in Fig. 3, more than one wire may be 
used in order to carry the drive currents between termi- 
nals and the LED dies. Although the electrical connec- 
tions shown in Figs. 2, 3 and 4 are provided by wire- 
bonds, other electrical connection techniques common 
in the semiconductor industry may instead be utilized, 
such as flip chip solder bumping. 
[0035] Preferably, the size of the LED dies 22, 24, 26 
and 28 is such that the photometric power is of a useful 
range. This may require the size of the LED die to be 
2.89 square millimeter, which would result in a current 
density on the die greater than 70 amps per square cen- 
timeter. For example, if the photometric power of these 
LED dies is 5 lumens (per watt of input power) and the 
input power to an assembly of four dies is 24 watts (1 2 
volts at 2 amps), then the total optical output power is 5 
x 24 = 120 lumens of blue light. When this is modified 
into white light, a typical output in white light is raised by 
a factor of 1 .9, which results in a final white light output 
of 120 x 1.9 = 228 lumens. 

[0036] Turning back to Fig. 2, the LED package 20 
further includes a region 50 of encapsulant material over 
the LED dies. To extract the maximum amount of light 
from the LED dies 22, 24, 26 and 28, an optical grade 
material of similar refractive index must be in contact 
with the LED dies. Sapphire LED substrates commonly 
have a refractive index of 2.5. Such LEDs are commonly 
encapsulated with a material with a refractive index of 
1 .5. Application of Snell's Law shows that only light emit- 
ted from the active region with an angle 6 of about 0.644 
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radians (36.9 degrees) to the normal of the interface with 
the encapsulant will escape the LED. In such case, a 
fraction of 1-Cos 6 or 20% of the internally generated 
light will escape. An equal amount of light is emitted from 
the horizontal edges of the LED die. The edge light from 
the LED die 22, 24, 26 or 28 is reflected and directed 
forward by the reflective cavity of the reflector cup 36, 
38, 40 or 42 in which the LED die is mounted. 
[0037] In addition to the refractive index issue, the en- 
capsulant materia! of the region 50 must also be able to 
withstand the great heat generated by the LED dies 22, 
24, 26 and 28 during their operation. The surface tem- 
perature of the LED dies may easily reach 200 degrees 
Centigrade. Under such circumstances, epoxy would 
rapidly undergo thermal degradation during use, be- 
coming progressively more yellow and absorbing much 
of the radiation from the LED dies, which would render 
the device useless. For the above reasons, the encap- 
sulant used for the region is preferably made of an op- 
tical grade silicone gel material, although other less de- 
sirable transparent materials may be used, such as 
epoxy. Silicones have excellent thermal stability. In ad- 
dition, a silicone gel material having a refractive index 
of 1 .5 is available to maximize light extraction. However, 
the encapsulating silicone material must be extremely 
soft, so that it does not exert stress on the bond wires 
48 or die and break them during operation of the device 
20. This would occur due to differential expansion be- 
tween the silicone and the body of the device (or the 
molybdenum reflector 36, 38, 40 or 42). Typically, the 
CTE of these silicone materials is 80 parts per million 
per unit length per degree Centigrade, The metal body 
(for example copper) has a CTE of 10 to 12 parts per 
million per unit length per degree Centigrade, so the dif- 
ference in expansion from the device being on and off 
is a factor of 8 and this difference can create sufficient 
movement of the encapsulant to damage the bond wires 
or die. 

[0038] Positioned adjacent to the region 50 of encap- 
sulant material is a fluorescent plate 52 that contains a 
phosphor material. The fluorescent plate is a prefabri- 
cated component that can be tested for optical proper- 
ties, prior to the assembly of the LED package. The test- 
ing of the fluorescent plate relates to homogeneity of the 
phosphor contained within the plate and relates to the 
correct phosphor concentration. As an example, the flu- 
orescent plate can be made of soft, optically clear, sili- 
cone rubber. However, the plate can be made of other 
optically transparent materials, such as polycarbonate 
or acrylic, that is dispersed with phosphor. The phosphor 
contained in the fluorescent plate will depend on the de- 
sired wavelength characteristics of the output light gen- 
erated by the LED package 20. As an example, the plate 
may contain gadolinium (Gd) doped, cerium (Ce) acti- 
vated yttrium aluminum garnet (YAG) phosphor grains 
("Ce:YAG phosphor grains") to convert some of the blue 
radiation (wavelength of 460-480 nm) emitted by the 
LED dies 22, 24, 26 and 28 to a longer wavelength ra- 
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diation. The use of Ce:YAG phosphor grains will allow 
the fluorescent plate to absorb the emitted blue light and 
upshift the optical energy to a mean wavelength of ap- 
proximately 520 nm. This resulting emission is a broad- 
5 band light stretching from 480 to 620 nm. The combina- 
tion of this emission with the remaining blue light, i.e., 
the unconverted emitted blue light, creates a final emis- 
sion with color rendering that duplicates natural white 
light. 

w [0039] In the above example, the fluorescent plate 52 
may be modified by the inclusion of several other rare 
earth metals, such as samarium, praseodymium or oth- 
er similar materials, to improve color rendering of the 
LED package 20. In addition, other phosphors may be 

is added to create emissions in other wavelengths to mod- 
ify the spectral distribution of the output light generated 
by the LED package. The exact types of fluorescent ma- 
terial contained within the plate are not critical to the in- 
vention. 

20 [0040] In the illustrated embodiment, the fluorescent 
plate 52 is a substantially planar disk that resembles the 
shape of leadframe 30, as shown in Figs. 3 and 4. How- 
ever, in other embodiments where the LED dies 22, 24, 
26 and 28 are arranged in a different configuration such 

25 that the leadframe is non-circular, the fluorescent plate 
can be shaped to correspond to the leadframe and the 
configuration of the mounted LED dies. For example, 
the fluorescent plate may be a substantially planar rec- 
tangular plate, if the LED dies of the package are ar- 

30 ranged in a rectangular configuration on a rectangular 
leadframe. 

[0041] The LED package 20 further includes a lens 
54 that is attached to the fluorescent plate 52 to colli- 
mate the light emitted from the device and distribute the 

35 light uniformly into the reflector 34. The radiation pattern 
from the lens is designed to fill the reflector, which is 
situated above the lens. As an example, the lens may 
be made of silicone. Alternatively, the lens may be made 
of a polycarbonate or an acrylic material. Situated above 

40 the lens and attached to the rim of the reflector is a dust 
cover 56, which serves to protect the finished device. 
[0042] Turning now to Fig. 5, an exemplary LED pack- 
age 60 in accordance with a second embodiment is 
shown. The LED package of Fig. 5 includes most of the 

45 components of the LED package of Fig. 2. The only sig- 
nificant difference is that the lens 54 and the fluorescent 
plate 52 included in the LED package 20 are replaced 
with a concave lens 62 and a molded fluorescent non- 
planar disk 64. The fluorescent non-planar disk is 

so formed on the inside surface of the concave lens. Thus, 
the lens and the molded non-planar disk are a single 
prefabricated component of the LED package. That is, 
the lens and the non-planar disk become an integrated 
member that can be tested for optical properties as a 

55 unit, separately from other components of the package. 
Therefore, in this embodiment, the optical properties of 
the fluorescent non-planar disk are tested after the flu- 
orescent non-planar disk has been formed on the inner 
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surface of the concave lens. 

[0043] Although the LED packages 20 and 60 of Figs. 
2 and 5 have been illustrated and described as being 
configured as an MR-16 type outline package, these 
LED packages may be configured in other types of in- 5 
dustry standard outline packages, such as MRC-11, 
MRC-16, PAR-36, PAR-38, PAT-56and PAR-64. In fact, 
the LED packages may be configured in a completely 
different outline with any number of LED dies that are 
arranged in any configuration. 10 
[0044] A method of fabricating an LED package, such 
as the LED packages 20 and 60 of Figs. 2 and 5, will be 
described with reference to Fig. 6. At step 66, a number 
of fluorescent members that are optically transparent 
are formed. The fluorescent members contain a phos- *5 
phor material that is distributed within the fluorescent 
members. Preferably, the fluorescent members are 
made of silicone rubber and contain Ce:YAG phosphor 
grains. In a first embodiment, the fluorescent members 
are shaped plates that are formed by cutting sheets of 20 
optically clear material that contains the phosphor ma- 
terial into a shape that corresponds to the axial config- 
uration of the LED packages to be fabricated. For ex- 
ample, the finished plates may be formed in the shape 
of disks. In a second embodiment, the fluorescent mem- 25 
bers are shaped as non-planar disks that conform to the 
inner surfaces of concave lenses. In this embodiment, 
the fluorescent members are formed by molding an op- 
tically transparent material, such as polycarbonate or 
acrylic, that has been dispersed with a fluorescent ma- 30 
terial into the non-planar disk shape using the contours 
of the concave lens. During step 68, the fluorescent 
members are tested for optical properties. As an exam- 
ple, the fluorescent members may be tested using a 
monochromatic standard source to activate the phos- 35 
phor and then measuring the output from the fluorescent 
members. The tested fluorescent members can then be 
"binned" or categorized for a set of optical properties. 
Those fluorescent members exhibiting similar proper- 
ties can be used to produce finished devices of very sim- *o 
ilar optical properties. Thus, devices can be produced 
to meet specific customer needs with respect to color 
temperature and output spectrum. Since the optical 
properties are known prior to the production of the de- 
vices, unwanted devices with optical characteristics that 45 
do not meet the desired specifications are avoided, 
thereby reducing production costs. 
[0045] At step 70, one or more GaN-based LED dies 
are mounted onto a leadframe. During step 72, a trans- 
parent encapsulant material is deposited over the LED so 
dies. Preferably, a silicone gel material is used as the 
encapsulant, since the silicone gel material has excel- 
lent thermal characteristics and also has a desired re- 
fractive index. Next, a tested fluorescent member hav- 
ing specific optical properties is attached above the en- 55 
capsulant material, during step 74. Clear silicone adhe- 
sives may be used to attach the fluorescent member to 
the encapsulant material. Alternatively, the fluorescent 
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member may simply be pressed firmly against the en- 
capsulant material. Next, during step 76, a lens is at- 
tached to the fluorescent member. Similar to the attach- 
ment of the fluorescent member to the encapsulant ma- 
terial, the lens may be attached to the fluorescent mem- 
ber using silicone adhesives or by pressing the lens firm- 
ly against the fluorescent member. In the second em- 
bodiment, where the lens and the fluorescent member 
is a single prefabricated component, this step is not ap- 
plicable. During step 78, a reflector is mounted over the 
lens. After the reflector has been mounted, a dust cover 
may be attached to the rim of the reflector, during step 
80. 

[0046] The disclosures in United States patent appli- 
cation No. 09/390,006, from which this application 
claims priority, and in the abstract accompanying this 
application are incorporated herein by reference. 



Claims 

1. A method of fabricating a light emitting device, in- 
cluding the steps of: 

forming (66) an optical member that contains a 
fluorescent material; 

testing (66) said formed optical member for op- 
tical properties before assembling said optical 
member with other components of said light 
emitting device; and 

affixing (70-80) said optical member onto an as- 
sembly that includes a light emitting diode 
(22-28), said optical member being positioned 
with respect to said light emitting diode to gen- 
erate a secondary emission by converting a 
portion of light emitted from said light emitting 
diode to produce a composite output light, said 
composite output light being composed of the 
unconverted portion of said light emitted from 
said light emitting diode and said secondary 
emission. 

2. A method as in claim 1 , wherein said step of forming 
said optical member includes forming a transparent 
plate that contains said fluorescent material, said 
transparent plate being substantially planar, or the 
step of conforming said optical member to a surface 
of a lens of said light emitting device such that said 
optical member becomes an integral part of said 
lens. 

3. A method as in any preceding claim, comprising the 
step of depositing (72) an encapsulant optical grade 
silicone gel onto said light emitting diode of said as- 
sembly prior to said step of affixing said optical 
member onto said assembly. 

4. A method as in any preceding claim, comprising the 
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step of attaching (76) a lens onto said assembly to 
collimate said light emitted from said light emitting 
diode of said assembly. 

5. A method as in any preceding claim, comprising the 
step of attaching (78) a reflector onto said assembly 
after said step of affixing said optical member onto 
said assembly. 

6. A method as in any preceding claim, wherein a plu- 
rality of light emitting diodes are mounted onto said 
assembly, and are electrically connected such that 
an overall forward voltage of the device is one of six 
volts and twelve volts. 

7. A light emitting device comprising: 



member and said light-generating means. 

12. A device as in any one of claims 7 to 11, wherein 
said light-generating means (22-28) includes a gal- 

s lium nitride-based light emitting diode on a plurality 
of gallium nitride-based light emitting diodes 
(22-28) electrically connected such that a forward 
voltage of said device is one of six volts and twelve 
volts. 

10 

13. A device as in any one of claims 7 to 12, comprising 
a reflector (34) optically coupled to said fluorescent 
member. 

15 



light-generating means (22-28) for emitting pri- 
mary light having a first spectral distribution in 
response to an applied electrical signal; 20 
a fluorescent member (52, 64) optically coupled 
to said light-generating means, said fluores- 
cent member being optically transparent and 
containing a phosphor material such that sec- 
ondary light having a second spectral distribu- 25 
tion is emitted when a portion of said primary 
light is absorbed by said phosphor material, 
said primary light and said secondary light de- 
fining a spectral distribution of output light gen- 
erated by said device; and 30 
connecting means (50) for connecting said flu- 
orescent member to said light-generating 
means. 



8. A device as in claim 7, wherein said fluorescent 35 
member (52) is a substantially planar plate (52) that 

is positioned with respect to said light-generating 
means (22-28) such that a face of said plate is gen- 
erally perpendicular to a direction of said primary 
light emitted from said light-generating means. *o 

9. A device as in claim 7 or 8, comprising a lens (54, 
62) integrally attached to said fluorescent member 
(52, 64) said fluorescent member conforming to a 
surface of said lens such that said fluorescent mem- 45 
ber and said lens are an integrated unit. 

1 0. A device as in claim 7, 8 or 9, wherein said phosphor 
material contained in said fluorescent member (54, 

64) includes gadolinium doped, cerium activated yt- so 
trium aluminum garnet phosphor grains that are dis- 
persed within said fluorescent member. 

11. A device as in any one of claims 7 to 10, wherein 
said connecting means (50) includes an optical 55 
grade silicone gel that encapsulates said light-gen- 
erating means, said optical grade silicone gel being 
positioned between said prefabricated transparent 
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(54) Light emitting device 

(57) An LED package and a method of fabricating 
the LED package utilize a prefabricated fluorescent 
member (52, 64) that contains a fluorescent material 
that can be separately tested for optical properties be- 
fore assembly to ensure the proper performance of the 
LED package with respect to the color of the output light. 
The LED package includes one or more LED (22-28) 
dies that operate as the light source of the package. 
Preferably, the fluorescent material included in the pre- 
fabricated fluorescent member (52, 64) and the LED 
(22-28) dies of the LED package are selectively chosen, 
so that output light generated by the LED package du- 
plicates natural white light. In a first embodiment of the 
invention, the prefabricated fluorescent member (52) is 
a substantially planar plate having a disk-like shape. In 
a second embodiment, the prefabricated fluorescent 
member (64) is a non-planar disk that conforms to and 
is attached to the inner surface of a concave lens (62). 
In this embodiment, the optical properties of the fluores- 
cent member (64) are tested by examining an integrated 
unit formed by the concave lens (62) and the attached 
florescent member (64). In both embodiments, the LED 
package includes a layer (50) of encapsulant material 
that is deposited between the LED dies and the fluores- 
cent member. In a preferred embodiment, the encapsu- 
lant material is an optical grade silicone gel, which has 
a high thermal stability and a desired refractive index for 
an efficient light extraction. 
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